Objective: To validate a shop system in controlling macronutrient composition during ad libitum dietary intervention. Design: Six months randomized intervention trial. Setting: A shop at the department from which all foods were collected free of charge and registered by a purpose-designed computer system. Subjects: Sixty-®ve free-living obese subjects (25 kg/m 2`B MI`34 kg/m 2 ) recruited through advertisement and from a waiting list at the Department. Total drop-out rate was 8%. Interventions: Ad libitum low-fat diets (30 energy-% (E%) fat): (1) High-protein (25 E% protein, HP) or (2) Low-protein, (12 E% protein, LP) or habitual diet (controls, C).
Introduction
In nutritional research there is a general need for methods to achieve control of food intake and composition in freeliving individuals eating ad libitum. Due to the lack of appropriate biological markers of intake of speci®c macroand micronutrients it is common to rely on information of energy and macronutrient composition obtained from dietary records before and during the intervention. Several studies, however, have shown that dietary records are considerably inaccurate in determining energy intake (Adelson, 1960; Todd et al, 1983; Linusson et al, 1974; Acheson et al, 1980; Schoeller et al, 1990; Schoeller, 1990; Mertz et al 1991) with a systematic underestimation of 30± 40% of energy among obese subjects (Lichtman et al, 1992; Keen et al, 1979) . Also macronutrient speci®c underreporting has been shown (Heitmann & Lissner, 1995) . To reduce the problem of uncertainty concerning dietary compliance we designed a new method based on food provision by self-selection in a shop making use of a speci®cally designed computer program. Other`shop'-models have previously been used (Westerterp et al, 1996; Verboeket-van de Venne et al, 1996a ; Van het Hof et al, 1997; Westerterp et al, 1996b ), yet without aiming to supply all the subjects' food. As a validated measure of dietary intake, the doubly labelled water method was used (Westerterp et al, 1996a) . Urinary nitrogen excretion has been found valid as an independent measure of dietary protein intake provided completeness of the urine collection (Bingham et al, 1995; Bingham & Cummings, 1985a) . Thus a combination of a well-known method of validation of the diet and a new registration method with strict control should improve the dietary control and compliance of the free-living individuals participating in this study.
Another purpose of the study was to determine whether alterations in the protein-carbohydrate ratio of the diet produce changes in body weight, composition and other health measures, and these results will be reported in a separate publication.
Subjects and methods

Subjects
Sixty-®ve obese subjects (25 kg/m 2`B MI`34 kg/m 2 ) of both gender, aged 18±56 y (mean 39 y) were included in the study. All were healthy subjects recruited through advertisement and from a waiting list at the Department. Each subject underwent a brief screening examination by a physician, including a medical history, a routine physical examination and blood tests before enrollment. The medical history was performed to illuminate actual and previous disorders, primarily of the renal function or metabolic disease. The following physical examination included inspection of the general condition, measurement of blood pressure, a stethoscopy of the heart and the lungs, palpation of the thyroid gland, breasts and abdomen. The blood tests included hemoglobin, leucocytes, sodium, potassium, glucose and alcalic phosphates. In addition to normal screening results the subjects all met the criteria of weight stability for ! 2 months before enrollment. This was con®rmed by weighing in our department. Subjects were randomly assigned to either two different dietary interventions or a control group and were matched with respect to BMI, gender, age and smoking habits. They all continued their habitual physical activity during the study. The physical characteristics of the subjects in the three groups are given in Table 1 .
The study was approved by the Municipal Ethical Committee of Copenhagen and Frederiksberg con®rming that the study protocol was in accordance with the Helsinki II declaration, and each subject signed an informed consent document after verbal and written instructions.
Experimental design
Protocol summary The study was conducted as a controlled dietary intervention study for six months. The subjects in the intervention group were randomly assigned to either a low-protein (LP) or a high-protein (HP) diet, both low in fat (30% of total energy) ( Table 2 ). All the subjects' food was provided from a shop at the Department, and could be consumed ad libitum. For validation of the accuracy of the food registration method 24 h urinary nitrogen excretion (24 h UN) was measured each month after veri®cation for completeness as described below. Likewise, 24 h UN was measured in the control (C) group, but only at the start of the study and after three and six months.
Diet Targeted and actual composition of the two diets are given in Table 2 . The subjects shopped on average twice per week with an interval of 3±4 d. Food items could be chosen on an ad libitum basis within the frame of the dietary design, and the individual shoppings were recorded in a computerized system designed speci®cally for the project. The aim was to fully control the food intake of the subjects, and they were prompted to supply all their foods including`empty calories' and caloric beverages (except for alcohols) in the shop. Any deviation from this principle should be recorded analogous to recording of food waste and left-overs, weighed to the nearest 1 g. At each visit in the shop, uneaten food and left-overs were taken into account in the calculation of the energy content of the actual shopping. The C group was instructed to continue their habitual dietary intake. ShopÐdiet A 50 m 2 purpose-built shop was established at the Department. The shop was furnished with six refrigerators of 400 l each, three chest freezers of 540 l each and 11 m 2 shelves at room temperature. In addition there was a storeroom with one refrigerator of 750 l and four freezers of 580 l each, giving a total refrigerating capacity of 3150 l and a freezing volume of 3940 l. Approximately 900 different food items made up the allround assortment, which covered the most common foods and the selection varied with alternating seasons. Protein sources were primarily dairy products and meat, the latter represented by both beef, pork, poultry, lamb, ®sh and pluck. Carbohydrate sources were primarily vegetables, fruits, breads, rice and pasta, but also chocolate and simple sugars in the form of sweets were available. Subjects were instructed thoroughly in how to prepare the foods, but they also had the possibility to choose readyprepared dishes. Individual preferences were met to the extent that suf®cient information about energy and composition of the food item could be provided. Opening hours on weekdays were approximately 20 h per week between 7.30 am and 7.00 pm.
Computer system For recording and registration of the individual shoppings, a computerized system was developed. The hardware was an IBM AT compatible PC, Intel 80486 DX, 33 MHz, 8 MB RAM (REC, Drammen, Norway), with a built-in mathematical co-processor and a hard disk (Western Digital Corporation, Irvine, CA, USA) capacity of 416 MB. The monitor was a 14 HH SVGA low radiation colour monitor (REC, Drammen, Norway) and the printer a Hewlett Packard LaserJet 4P (Hewlett Packard, Canada). Attached was in Intermec 9170 (Intermec Corporation, Everett, USA) bar code scanner and a Values are mean AE s.e.m. There were no differences between groups by ANOVA. Sartorius IP65 scale (Sartorius AG, Goettingen, Germany) for automatical calculation of food items in bulk. The operating system was MD-DOS version 6.20 DK. For back-up a Tape streamer Backup System (Iomega Corporation, Roy, Utah, USA) with up to 250 MB data compression was used. The purpose-built programme`Scienti®c Nutrition System, SNS 1 ' was developed on the basis of the database Paradox, version 4.0 for MS-DOS (Borland International Inc., Scotts Valley, CA, USA). We made use of the unique barcodes that food items in the retail trade are provided with, into each of which the following information about the food item was entered: Name, type, weight (adjusted for packing weight), amount of fat, carbohydrate and protein in terms of weight and energy, and sources of the different macronutrients. The applied information was provided from a database, Dankost 1 dietary assessment software (National Food Agency of Denmark, Sa oborg, Denmark) or from the food manufacturers. At each shopping all food items were presented and barcode-scanned by a dietician, giving the possibility to monitor achievement of the scheduled macronutrient distribution, and, if necessary, to modify the shopping. The calculated energy content of the food was blinded to the subjects.
Urine collection and analysis Twenty-four-hour urine collections were made prior to the dietary intervention and at the start of each month in the two intervention groups. Controls collected urine at baseline and after three and six months. The collection was initiated in the morning after ®rst urination and terminated with the following day's ®rst morning specimen. Subjects were given one or two 2 l bottles, a funnel and a plastic jug, and were instructed to keep the bottles as cool as possible during the period of collection. After weighing and density assessment aliquots of the 24 h collections were stored at À18 C prior to further analysis. Completeness of the 24 h urine collection was determined by the PABA check method (Bingham & Cummings, 1983) , in which subjects were given a 80 mg tablet of paraaminobenzoic acid (PABA) with meals three times a day. Limits for exclusion because of incorrect urine collection were set at`80% and b 120% recovery of PABA.
Dietary protein intake was calculated from the formula of Isaksson (Isaksson, 1980) based on 24 h urinary nitrogen output:
(Nitrogen ouput in 24 h urine 2 g Â 6X25 Dietary protein intake recovery was calculated as the index:
Dietary protein intake calculated from 24 h urine collections Dietary protein intake based on shop recordings
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Statistical analysis
Mixed analysis of variance (ANOVA), with P-values corresponding to comparison of least squares means, and a t-test or least squares means were used to test for differences between the groups. The signi®cance level was set at P`0.05. Correlation between the two methods for estimating dietary protein intake (24 h UN assessed and shop recorded, resp.) was carried out as a Pearson correlation for all subjects together. Likewise a measure of agreement between the two methods was performed according to Bland & Altman (Bland & Altman, 1986 
Results
Two subjects dropped out of each intervention group due to change of address or non-compliance. One subject was excluded from the C group due to elective surgery. A total of 60 subjects completed the trial, 23 in each intervention group and 14 in the control group. Total drop-out rate was 8%.
Mean recoveries of PABA in the 24 h urine collections are shown in Table 3 . A total of 166 urine collections were made in the LP group, 161 in the HP group and 43 in the C group. In each group 17, 18 and 10, respectively, were excluded due to incompleteness and 3, 4 and none, respectively, were excluded due to very high recovery values. There were no differences in PABA recovery between the two intervention groups at any time, but results are based on the complete urine collections.
Twenty-four-hour urinary nitrogen excretion (24 h UN) is shown in Figure 1 . The three groups did not differ in 24 h UN at baseline. Mean value of 24 h UN increased in the HP group by 2.7 g (1.1±4.4 g) after one month (P`0.05), while a decrease by 4.1 g (3.1±5.2 g) (P`0.0001) was observed in the LP group (Group difference 6.8 g (5.0±8.7 g), P`0.0001). The subsequent months 24 h UN remained at a high level in the HP group with a six month mean value of 16.1 g (14.3±17.9 g), with values ranging from 9.1±20.9 g. Likewise 24 h UN remained on a lower level in the low protein group, namely 9.6 g (8.4±10.8 g), with values ranging from 6.0± 14.1 g (Group difference: 6.6 g (4.0±9.1 g), P`0.0001). The C group kept a stable 24 h UN throughout the trial with a six month mean value of 10.6 g (9.6±11.8 g), with values ranging from 8.6±13.9 g. Figure 2 illustrates protein intakes estimated with the shop computer and urinary nitrogen excretions over the six month period. The apparent nitrogen balance was positive in both treatment groups, but with a larger difference in the HP group between dietary protein based on shop recordings and nitrogen assessed protein intake. Both methods The correlation between shop recordings of protein intake and dietary protein calculated from 24 h UN was very high during the entire trial (r 0.84, P`0.0001) and is illustrated by separation into two three month periods (®rst and second half of the trial) in Figure 3 
Discussion
The shop design was successful in achieving very good compliance. This was re¯ected by the high number of subjects who completed the trial (92%) and the highly signi®cant difference in nitrogen excretion in the two intervention groups.
The study demonstrated a high degree of agreement between the daily protein intake estimated by the shop Figure 1 24 h urinary excretions before (0 months) and after randomization to ad libitum diets providing 30% fat energy and either 12% (lowprotein, LP) or 25% (high-protein, HP), or to a control (C) group. (Analysed in complete urine collections; namely with a PABA recovery of b 80% and`120%). Values are means AE s.e.m. Figure 2 Daily dietary protein intake given as shop recordings (dietary protein intake based on recordings in shop computer system) and nitrogen assessments (dietary protein intake calculated from the formula of Isaksson (Isaksson, 1980) based on 24 h urinary nitrogen output: dietary protein intake (g/d) (Nitrogen output in 24 h urine 2 g) 6 6.25. Values are means AE s.e.m. Figure 3 Relation between shop recorded dietary protein intake (dietary protein intake based on recordings in shop computer system) and nitrogen assessed dietary protein intake (dietary protein intake calculated from the formula of Isaksson, 1980) based on 24 h urinary nitrogen output: dietary protein intake (g/d) (Nitrogen output in 24 h urine 2 g) 6 6.25) in (a) the ®rst three months of dietary intervention; (mean daily intakes, line of unity with 95% con®dence limits (a 0.70, b 15.1 (NS)) and (b) the ®nal three months of dietary intervention; (mean daily intakes, line of unity with 95% con®dence limits (a 0.70, b 23.7 (P`0.02)).
computer system, based on registered values for food collected and on information elicited from the subjects (left-overs, etc.), and the protein intake calculated from urinary nitrogen excretion. This was evident from the high correlation coef®cients of 0.8±0.9 between protein intakes estimated by the two methods (Figure 3) , and from the Bland-Altman plots (Figure 4) . The latter plots display some systematic lack of agreement between the shop recording and nitrogen assessment method, the former giving systematically higher values. The mean difference between the two methods is the same in both periods (16.5 g/d and 11.8 g/d), indicating a consistent bias of one method in comparison with the other. There is also a difference between shop recorded and nitrogen assessed protein intake when looking at the intervention groups separately (Figure 2) . This difference tends to be greater in the HP than in the LP group (NS). However, the relative difference between the two methods in the HP and LP group, tested by comparing the dietary protein intake recoveries, was equal in the two groups, which is another indication of stable and equal compliance. The present study could only validate the protein intake because we had no biological marker for objective information about dietary intakes of fat and carbohydrate. It was, however, more or less impossible to alter the food items in order to make changes in fat and carbohydrate intakes without affecting protein intake. We therefore believe that the high compliance and adherence to the diet as estimated by validating the protein intake is also a good indication of carbohydrate and fat intake.
The relative incompleteness of urine collections could be partly responsible for the difference between the two methods of assessing dietary protein intake. The interpretation of the present results is, of course, dependent on the completeness of the urine collection. We chose to monitor urine collection by the PABA check method described above, and only complete urine collections (80%`PABA recovery`120%) were used in the study analyses. The PABA marker has been shown to be a more sensitive and reliable method of validating the completeness of 24 h urine collections than creatinine (Bingham et al, 1988; Jackson, 1966) . Furthermore, creatinine would be an unreliable marker because it would be effected by the different protein intake (especially from meat) in the treatment groups and because the subjects were not weight stable. Moreover, a source of variation in urine creatinine excretion is the completeness of the collection itself (Bingham & Cummings, 1985b) . There was an equal number of outliers with respect to irregularity of 24 h urine collections in the two intervention groups, re¯ecting a homogenicity in groups and giving a good basis for further analyses. A total of seven urine collections were excluded due to a content of more than 120% of the given PABA, (range: 122.5±187%). Very high recovery of PABA has not been seen in other studies (Bingham & Cummings, 1985a; Bingham & Cummings, 1983; Bingham & Cummings, 1985a; Bingham et al, 1988; Bingham, 1991; Leclerq et al 1991a; Bingham et al, 1995) and the few cases seen in this study must be due to cross-reaction with substances such as paracetamol or multi vitamins interfering with the colorimetric method used to analyse the urine specimens for PABA. However, inclusion of these outliers does not alter the equal recovery in the two intervention groups. Thus an equal amount of urine lost due to waste would contain more nitrogen in the HP group than in the LP group.
Another source of error is the quantities of nitrogen lost in feces, sweat and desquamation from the skin, which can comprise up to approximately 8% of total nitrogen excretion (Bingham & Cummings, 1985a) . This loss is greater at high levels of protein intake (Bingham & Cummings, 1985a) . Moreover, the study population was composed of obese subjects, who have greater energy requirements than normal weights, and therefore fecal, sweat and skin loss of nitrogen are probably underestimated. Furthermore, we cannot exclude the possibility that the subjects collected a surplus of foods in the shop in order to supply their household free of charge, which could account for a part of the larger dietary protein intake estimated by the shop recordings. The signi®cant increase in dietary protein intake in both intervention groups during the last period of the study could be explained by an adaptation effect, namely perhaps the subjects were more restrained in the amount of food they took at the start of the project. The system requires suf®cient space for the establishment of a shop in order to satisfy the subjects' expectations and induce them to collect all their food supplies from the experimental facility. The cost of foods and equipment for the present six month study was approximately US$ 140.000 for 50 people, or US$ 465/people/month.
Conclusions
We have demonstrated that the present shop system provides an alternative and satisfactory method for conducting a dietary intervention study with a controlled diet for six Figure 4 Bland-Altman plots to demonstrate agreement between the two methods of estimating dietary protein intake, expressed as mean daily intakes in (a) the ®rst three months of dietary intervention and (b) the ®nal three months of dietary intervention. Difference in dietary protein intake (shop recorded Ä nitrogen assessed AE 2 s.d.) is plotted against mean dietary protein intake for shop recordings and nitrogen assessments. months in free-living subjects. The adherence to the dietary compositions in the two intervention groups could be crossvalidated by means of urinary nitrogen excretion in the present study as the focus was on the relative protein content of the diet. However, application of the study design in trials with other aims than a change of macronutrient composition will require a reliable and documented method of validating an apparently strictly controlled food intake.
